Atmospheric distribution of metals was evaluated throughout the Garhwal Hills region of Uttaranchal, India by analysis of native moss species, Rhodobryum giganteum and Hypnum cupressiforme. The performance of these two mosses as biomonitors was studied in relation to the accumulation of atmophile elements. The elements Cd, Zn, Cu and Pb were surveyed at 33 sampling sites by conducting a passive monitoring technique using these mosses. Sampling was carried out from March 2004 to February 2005 for three different seasons (summer, monsoon and winter) in four directions nearly equidistant from a control site (Chamba Forest) where the moss samples were originally collected. Bioaccumulative ability in these two mosses was evaluated statistically using Dunkun's Multiple Range test. Results indicate that summer has a significantly higher concentration of the metals Zn, Pb, Cu, Cd than winter and monsoon. Similarly, significant distance and seasonal differences were calculated and are presented on contour maps. The novel aspect of this study is that it actually delivered any information at all on atmospheric deposition in India and Asia, where very limited information is available in this field. Therefore, this finding is a gap filling one.
INTRODUCTION
The presence of elements in ecosystem is due to both natural and anthropogenic causes, while increased the overall concentration of elements in the environment (Bargagli, 1998) .
Automated, continuous monitoring is a useful tool for determining levels of atmospheric precipitation and for forming implications for future management; but it suffers from certain limitations, including involvement of a number of instruments, and the continual requirement and high cost of power and manpower to run them (Fernandez and Carballeira, 2002 ). An advantage to using mosses is that it allows several sites to be monitored simultaneously and around the clock at costs much lower than using more sophisticated instrumentation.
In addition, unlike conventionally used instruments, bryophytes, which lack welldeveloped root systems, can integrate pollutants over a long time. A number of studies have shown the ability of bryophytes to intercept, retain and accumulate pollutants, including metals. It is well-documented that mosses obtain most of their nutrients via atmospheric deposition; therefore, the elements present in their tissues may reflect the presence of elements in the atmosphere. Moreover, moss surveys may describe regional differences and time trends in metal deposition, as well as being valuable for possible identification of sources of airborne metal pollution (Berg and Steinnes, 1997) . In this study, the mosses Rhodobryum giganteum and Hypnum cupressiforme were collected together at 33 sampling stations in order to draw a reliable pollution map of the study area. These locations were also where instrument recording was impossible, or at best very difficult, to conduct.
Hypnum cupressiforme and Rhodobryum giganteum were selected for the study because they are distributed widely in the Garhwal Hills. No one has explored the tolerance potential of these mosses (Saxena et al., in press ), nor their application for biomapping.
This study of metals in mosses was carried out from two prospective views. Firstly, to examine how distance affects the accumulation of metals. Secondly, to examine the effect of seasonal variations on metal concentration in mosses. The study also provides a suitable and cost-effective method for determining the extent of an area affected by deposition of metals emitted from different sources. We also aimed to determine possible differences in the capacity of these two species to accumulate elements.
MATERIAL AND METHODS

Study area
A map of the study area and the location of sampling sites are shown in Fig. 1 . Mussoorie city is an easily accessible, beautiful and highly crowded hill station in northern India located at an altitude of 2005.5 meters, with an area of 6.425 km 2 , and is renowned for it salubrious atmosphere that helps to revive ailing visitors.
The city remains overcrowded throughout the year due to increasing tourist activity. The numbers of vehicles are also increasing.
Dhanaulti is a woody paradise, located about 30 km away from Mussoorie at an altitude of 1676 meters. It is covered with the thick virgin forest of deodar, rhododendron, oak, apple, pear, plum, peach, apricot and litchi gardens. (Fernandez and Carballeira, 2002) .
Sampling
Branches of the mosses R. giganteum and H. cupressiforme were cut and collected in four directions from center of the city (east, west, north and south) nearly equidistant (1 km, 3 km, 5 km, 10 km) in July 2004 (after summer), then again from the same spots in November 2004 (after monsoon). In March 2005 (after winter) samples were collected from a variety of roadside sites in both rural and urban areas.
Care was taken to collect samples during different seasons and from the same spot each time. All 33 sites had abundant individuals of the two species used in the study.
Area of sampling
On each site, 3 quadrates of 1 meter were plotted in different directions and nearly 50 gm of moss samples were collected, followed by control in triplicate.
Analytical procedures
The unwashed green, or greenish brown, part of freshly collected plant material was used for the analysis. The moss samples were manually cleaned to remove all foreign material and other higher plant material. Afterwards, dry cleaning was done by mild air pressure to remove other foreign material, including soil and dust particles that had adhered to samples. After 
Data analysis
Samples were harvested in triplicate to conduct the statistical analysis. Value was represented as mean + standard error (Snedecor and Cochran, 1967 (Karmer, 1956) .
Cartographic representation of the results was performed with the program package Surfer (Golden Software Inc., USA). • P ≤ 0.01 * P ≤ 0.05
RESULTS
Rhodobryum giganteum
• NS = Non-significant as compared to control site
• Value superscripted same alphabet in horizontal row are seasonally not significantly different 1 % & 5 % level. • P ≤ 0.01 * P ≤ 0.05
• Value superscripted same alphabet in horizontal row are seasonally not significantly different 1% & 5% levels. Saxena et al., Aerosol and Air Quality Research, Vol. 8, No. 1, pp. 94-111, 2008 Furthermore, zinc turned out to be significantly (Table 4 ).
In addition, significant difference (p ≤ 0.05) was found at 1 km in Mussoorie west and south, and at Dhanaulti north; while variation was also calculated at Dhanaulti west (5 km) and south in monsoon (Table 4) and from the same site at • P ≤ 0.01 * P ≤ 0.05
• Value superscripted same alphabet in horizontal row are seasonally not significantly different 1 % & 5 % level. 
Saxena et al., Aerosol and Air
DISCUSSION
The two moss species, Rhodobryum giganteum and Hypnum cupressiforme, studied here were used in combination as biomonitors, variations (Fernandez and Carballeira, 2002) .
Moss physiology is independent of the source of contamination (Couto et al., 2004) This finding is in agreement with Berthelsen et al. (1995) .
Zinc in moss samples was significantly different in all the seasons and distances. This may be due to the proximity of sampling sites to roadsides, traffic density, use of fertilizers for growth of crops and orchards (Saxena and Saxena, 2000) . Since Cu at low levels provokes plant growth, it is used in fertilizers. In contrast, it is also used in fungicides and pesticides (Gerdol et al., 2000; Otvos et al., 2003) . Higher values in domestic waste were reported due to their improper dispersal in atmosphere.
Road traffic emissions of Cd were maximum at Mussoorie, suggesting that automobile exhausts may be a source of higher concentrations (Stefano and Bonini, 2000) of this metal at some Mussoorie and Dhanaulti sites. The source of contamination may also come from the use of metallic or plastic pipes, sewage sludge, abrasion of automobile tires and from domestic wastes in urban areas (Markert et al., 1996; Scharova and Suchara, 1998; Grodzinska and Szarek-Lukaszewska, 2001 ).
This study was also based on distance-wise sampling (1, 3, 5, and 10 km) in four directions (east, west, north, south (Santelmann and Gorham, 1988; Steinnes, 1995) .
An attempt was also made to show possible differences in the capacity of these two species is probably due to the high capacity for variation in metal-precipitation sources, possibly due to pollutants subjected to long transport ranges, as well (Berg et al., 1995) .
This study suggests that the two mosses undertaken have bioaccumulation potential and are strongly suited for biomapping studies.
